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properties to meet -30°F structural requirements. The initial SAM-D
propellant was a C1VPB forrmulation (TP-H7038) which showed unacecept-
able softening during aging at 30°F. It contained a trimodal blend
(including special coarse) ot AP oxidizer, and was formulated at a P/CA
ravio of 1/.83 and a curing agent 1/E ratio of 5.1, Numerous CTPE
piopellants having the same ingredients but formulated at P/CA ratios
nearer 1/1 have better high temperature aging stability. Therefore, the
primary avproach investigated for improving aging stability was to in-
creasc the P/CA ratio to 1/1, lower the curing agent I/E ratio to 3.8/1,
and use 2% TP-90DB plasticizer in place of 1% DOA., After aging, this
formulaticn (TP-117070) showed no improvement in high temperature aging
stability. "The approach was modified to delete the special coarse AP
{(whose internal moisture was the probable source of aging degradation)
frorm the TP-H7038 forrmulation, Substitution of additional unground AP
for the special coarse AP, and adjustment of the aluminunm particle size
allowed the desired burning rate to be achieved. Initial propellant tensile:
properties were beitcer than both TP-FH7038 bascline and TP-117070 pro-
pellant properties. Aging properties were significantly improved after
[ l 1309F storage. Use of a small amount of desiccant (similar to the 200 g.
Molecular Sieves used in the present SAN-D raotor) was shown to be re-
quired, With the improvements shown, the modified TP-17038 formu-
lation without special coarse uxidizer would be the better choice from the
CTPB propellants for the SAM-D motor if, for some highly unlikely reason,
it became necessary to substitute a CTPD prepellant for the present HTPB
propellant,
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SUMMARY

A back-up propellant based on the carboxyl-terminated polybutadiene
{(CTPB) binder system was tailored to meet SAM-D requirements. This pro-
pellant was formulated for optimum aging stability at i 130°F while maintain -
ing adequate physical propertics to meet -30°F structural requirements.

This propcllant will serve as a hack -up to the primary hydroxyl-terminated
polybutadiene (HTPD) binder systen. propellant selectea for the SAM-D Motor
Engincering Development Program.

SAM-D motor development was initiated with a CTPRB propellant,
TI-117038, which was formulated to meet strain requirements at -65°F and
burning rate requirements dictated by grain geometry and motor performance
paramecters, The resulting propellant contained a trimodal blend of special
coarse, unground and ground ammonium perchlorate (AP) oxidizer; a polymer/
curing agent (P/CA) ratio of 1/.83; and a curing agent imine/epoxide (1/X)
ratio of 5/1. Subsequent studics with this propellant showed unacceptable
softening during aging at 130°F, neccessitating a propellant change. The de-
cision was made to utilize the HTPB system as the primary propellant for
SAM-D, but to reformulate the CTPDB propellant to act as a back-up.

Since other similar CTPB propellants with P/CA ratios nearer 1/1
had exhibited better high temperaturce aging stability, the primary approach
to reformulating TEF-117038 was to increase the I?/CA ratio while lowering
the 1/ E ratio. This also required an increase in plasticizer content to mmain-
tain the desired crosslink density, and a possible change in plasticizers from
DOA to TP-90B. Tests on propellant from subscale mixes made to evaluate
these changes resulted in the selection of a formulation which was given ihe
designaiion TP-H7070. The selected formulation met the tensile and ballistic
property requirerments of the program. It contained 2% TP-90B as the plasti-
cizer, a P/CA ratioof 1/1, an I/E ratio of 3.8/1, but was otherwise identical
to th~ standard 1TP-H7038 propzllant in respect to solids, The ratio of AP
partic)Jes used was the same: 45% special coarse ( ~400 microns)/27. 5%
unground ( = 200 microns)/27 5% ground ( = 17 microns),
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This propellant was scaled up to the 420-gallon mixer to provide
samples for characterization and aping tests, Ballistic properties charac-
terization showed acceptlable burning rate parameters, Bond properties as
determined by composite adhesion samples werc acceptable, but peel bond
valucs were lower than expected and additional work in this area would be
required before the system could be used in a motor. A complete physical
properiy characterization was conducted to provide data f{or predictive
structural analysis of the motor over its operating temperature range. In-
cluded were input parameters for a stress analysis as well as a definition of
the faiture characteristics of the propeliant in terms of design allowable stress
and strain conditions, All values obtained were within the expected range and
typical for a highly-loaded composite CTPB propellant,

The TP-H7070 propellant aging program had the capability of extend-
ing 10 five years for some phascs, but was discontinued after one year, Low
temperature specimen storage showed no significant chanpe in strain capa-
Lility during six months ai -30°F: however, at -50%F a nunor to moderate
reduction in clongation occurred., Bulk sealed storage for one year at ambient
showed an expected minor post cure involving increasced tensile strength,
decrecased elongation, and decreased strain endurance., The major change
occurred at 130°F where a considerable decrease in tensile strength was
cxperienced when aged in bulk scaled form. At the ¢nd of twelve months,
the reduction in maximun stress was greater than 507 at the higher test
temperatures, The softening experienced is comparable to that obtained with
TP-117038 undcer the same conditions, but was unexpected with the TP-H7070
propellant. Internal moisturc was considered to be the most likely cause of
the poor thermal stability, with the special coarse AP being the most pro-
bablec source, An attempt was made to improve the propellant high temper-
aturc stability by desiccating samples with one surface exposed. The amount
of desiccant used (1 to 2 grams) was based on the recommended 200g 7 »r the
SAM-D motor., The rcsults showced that the small amount of desiccant used
did not improve the thermal stability of the TP-H7070 propellant,

A sccond approach was then attermnpted to reformulate the basic TP-
H7038 propellant to improve high temperature aging stability. It was theorized
that the propellant internal moisture content could be significantly decreased
if 200 micron (unground) AP was substituted for the 420 micron (special
coarse) AP fraction. llcrctofore this approach was censidered to be unaccept-
able since the burning ratc could not be tailored sufficiently low to meet SAM-D
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requirements while maintaining a processabvle propellant with adequate
physical properties. Recent studies with related propellants had shown that
it was possible to replace the spec’al coarse with unground AP and maintain

physical and ballistic properties. A change from a nominal 16 micron to 30
micron aluminum particle size would also aid in obtainirg the desired pro-
perties,

Two 4 1/2-gallon mixes of the modified TP-H7038 propellant were
made wth a 80/2C ratio of unground/ground AP, 20 micron aluminum, an
I/E ratio of 5/1, and P/CA ratios of 1/0.80 and 1/0.83, respectively. 7The
results indicated that the bimiodal AP version of TP-117038 could be reason-
ably proccssed, provide adequate tensile propertics, and yield target burnming
rate {(rate actually obtained slightly low). The mix with a P/CA ratio of
1/0.80 was scaled up to iie 50-gallon vertical nuxer (size limated by avail-
able funds) to provide samples for further ballistic and tensile properties
evaluaticn and for a short aging prugrain. FPiovcessing of this nux, W-24,
was quite satisfactory.

A burning rate approximately 5 percent below target was obtained on
Mix W-24. This result was very acceptable since it assured a wider range
of burning rate tailoring ability while still achieving good physical properties
and prcecessing., Tensile properties obtained werce considered to be quite good,
and considerably better than those on TP-117070 propellant,

Sufficient samples for a minimal one-year aging program were obtained,
but available time allowed for enly six monthe of testing, Du
at ambient, the bulk sealed and gradient samples showed an expected slight
reduction in strain with no significant change in stress. Also, the bulk
gradient samples experienced no surface-interior physical property gradients
and no detrimental changes due to desiccation., MNowever, gradient storage
under nitrogen at 130°F without desiccant resulted in a surface-interior grad-
ient with decrecased tensile strength on and near the exposed swiiace. 1n the
presence of desiccant, no surface-interior physical property gradient was
apparent, but an expected minour reduction in tensile strength of the interior
propellant was shown. This was also true for the bulk scaled propellant
samples stored at 130°F.

. vamr wmn omend b
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Removal of the special ccarse ammonium perchlorate oxidizer from
the TP-H7038 propcllant formulation has resulted in an improvement in the
physical properties and in the high temperature (130°F) storage stability,
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This was shown by comparison of the modified TP-117038 formulation to the
original TP-H7038 formulation and the TP-H7070 formulation also developed
under this program. This comparison showed that the bulk sealed sample
physical properties, and the depth to which surfzce-interior properties were
affected in bulk gradient samples stored under nitrogen were altered to a much
lesser degree for the modified TP-H7038 propellant. This indicates that the
probable cause of the premature tensile pr 7, erty Jdegradation at high tempera-
ture in the original TP-H7038 and TP-H70"+" propellants 1s moisture, and
specifically the high moisture content of the special coarse oxidizer. With
the improvemecents shown, the modified TP-H7038 formuiation without special
coarat oxidizer can be substituted for the present HTPD propellant if it
becomes necessary, for any unlikely reason, in the future,
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FINAL REPORT

CTPB BACK-UP PROPELLANT FOR SAM-D

INTRODUCTION

The initial SAM-D motor development was initiated with a CTPB
propellant (TP-H7028) which was formulated to meet strain requirements
at -65°F. Additional studies with this propellant showed that it softened
during aging at +130°F which necessitated a propellant change in order to
meet storapge requiternnenis. Low temperature storage requirements for
the motor were relaxed to -30°F, giving the option of reformulating the
CTPB propellant to meei the high temperature (+130°F) storage require-
ment while maintaining adequate strain capacity at -30°F. A decision was
made to utilize the newly developed hydroxyl-terminated polybutadiene
(HIPB) systern as the primary propellant for the SAM-D motor to obtain
the desired storage and low temperature properties. Since the HTPB pro-
pellants were relatively new and were not proven iu large scale motor
programs it was desirable to have a back-up propellant that could be used
in the event the HTPRB propellant did not prove satisfactory for use in the
SAM_D motor. The propellant selected as the back-up was the original
CTPB propellant (TP-H7038) reformulated to meet the +130°F storage re-
quirement. This study was devoted to developing and characterizing the

new formulation to the point where it is ready for large-scale demonstration,

OBJECTIVE

The objective of this program was to tailor a propellant to meet
SAM-D requirements using a binder system based on carboxyl-terminated
polybutadiene (CTPB). The propellant was formulated for optimum aging
stability at +130°F while maintaining adequate properties to meet SAM-D
requirements at -30°F. The resulting propellant will serve as a back-up

to the primary HTPB propellant for the SAM-D Motor Engineering Develop-
ment Program.
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TECHWNICAL APPROACH

Numerous CTPB (HC) propellants having the same binder ingredients
as the initial SAM-D propellant (TP-H7038) but formulated at polymer/curing
agent ratios near 1/1 have much better high temperature aging stability. . :sed
on these data, the primary approach proposed and selected for improving the
high temperature aging stability of TP-H7038 propellani was to increase thc
polymer/curing agent (P/CA) ratio at lower curing agent imine/epoxide (I/E)
ratios. This change in formulation would alsz require a higher concentration
of plasticizer to maintain the desired crosslink density. After aging, the
fermulation developed with this primary approach showed no improvement in
high temperature aging stability., Therefore, the approach was modified to
delete the special coarse ammonium perchlorate (AP) oxidizer (whose internal
moisture was the probable source of degradation during high temperature aging)
from the TP-H7038 formulation, Heretofore, this latter approach was unac-
ceptable since the burning rate could not be tailored sufficiently low to meet
SANM-D moior requirements, However, recent studics with related propellants
indicated that it was now possible to replace the special coarse material with
unground oxidizer and maintain tensile and ballistic properties, Comparison
of the aging results from the primary and alternate approaches should indicate
whether the P/CA and I/E ratios or the internal moisture in the coarsc AP
was the cause of previous poor high temperature aging stability.

DISCUSSION

The program was divided into four phases of study as discuv ised below.
The first three phases were concerned with the primary technical approach as
originally proposed. The fourth phase, which was addcd after completion of the
first three, was to investigate the alternate technical approach.

1. Tensile and Processing Properties - This phase consisted
of the ¢valuation of various plasticizers and concent.ations
as well as variations in polymer/curing agent ratios.

11, Ballistic Properties - The formulation selected from Fhase I
stidies was evaluated in ballistic test motors to dete~mine
effects of formulation zhanges on ballistic properties and make
the required i1djustment to meet SAM.D requirement,
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Scale-Up, Characterization, and Aging - The propellant

resulting from Phases ] and II was scaled up to the 420-
gallon mixer to demonstrate the practicality of producing
and handling the selected composition on a large scale
znd to provide propellant for tensilc and ballistic char-
acterization and aging tests.

Iv. Reformulation, Scale-Up, and Aging -~ The formulation
developed and tested under Phases ] through IIl exhibited
equally poor high temperature aging stability as the
initial TP-H7038 propellant. These data indicate that the
probable cause of the premature degradation is moisture,
and gpecifically the high internal moisture content of the
special coarse oxidizer. TP-H7038 was reformulated to
delete the special coarse oxidizer, evaluated in 4 1/2-
gallon mixes to obtain processing, tensile, and ballistic

properties, and scaled-up to the 50-gallon mixer to ob-

tain propellant for tensile and ballistic properties and

for aging tests.

A detailed description of the tests performed during each phase of
the study is presented below:

Phase ] - Tensil~ and Processing Properties

This phase of the study was devoted to defining the plasticizer type
and concentration and the polymer/curing agent ratio required to meet the
program objectives., This study was conducted with the one_gallon herinontal
blade mixer and geveral batches or propellant were made to evaluate the effect
of various concentrations of DOA and TP-90B plasticizers at polymer/curing
apgent (P/CA) ratios of 1/.95 and above on tensile and processing properties of
TP-17038 propellant. The curing agent imine/epoxide (1/E) ratio utilized in
nmost of these mixes was 3.8/1. The formulations evaluated werc:

% DOA % TP-90B

1 2 2 3 3 3 l 2 2 2 3
P/CA Ratio 1/.83 /1 1/i,1 1/1 1/1.1 1/1,2 1/l 1/.95 1/1 1/1.1 1/1

l—3.8/1————+ 5/1

I/E Ratio 5/1 f—3.8/1

({Baseline)
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JANNAF plastic gauge tensile data over the temperature range from
+130°F to -6%9F were obtained on each formulation. These data along with a
strain endurance data were utilized to construct a failure boundary for each
formulation. A comparison of the failure boundaries for each fan'ily of pro-
pellants was made with the failure boundary of the baseline TP-H7038 propellant,
These data are presented on Figures | through 5 and show that the formulations
containing 2% TP-901% with polymer/curing agent ratios of 1/.95 and 1/1 »
exhibited the best tensile properties when compared with TP-H7038.

The viscosity data for the various formulations are presented 1n Table
1 and show that the lowest viscosity was obtained with TP-90B,

An alternate approach was evaluated as a means to meeting the program
objectives. This approach utilized the basic TP-H7038 (1% DOA) propellant i
formulated at a polymer/curing agent ratio of 1/1 with a monofunctional imine
added to the binder system to control binder crosslink density. The material
selected for this study was a monofunctional aziridine produced by Dow Chemucal.
The material is N-phenethylaziridine which has the following structure.

H,C
[> N-CHzCHZg—O .

«
e (S 8

-

This material was blended with MAPO to produce irine functionalities of 2. 2
and 2.4 and were evaluated in one gallon batches of propellant. The results

of this evaluation are presented on Figure 6 and show the effc :ts of the various
concentrations of the monofunctional material on the failure boundary of
TP-H7038 propellant. The best tensile pruperties were obtained with the 2,2
functionality material; however, the ov. rall strain capacity of the propellant
was lower than the baseline TP-H7038. The processing of the formulation
containing the 2. 2 functionality imine was more difficult than the baseline

T} -H7038. The viscosity of the mix containing the 2. 2 functionality material
was 32 kp compared to 18 kp for the baseline TP-H7038 propellant and 16 kp
for the formulation with 2% TP-90B at a P/CA of 1/1,

Based on the data obtained from this phase of the program, the formu-
lation containing 2% TP-90B and a polymer/curing agent ratio of 1/1 was selected

for the Phase II study. The curing agent ratio (imine/epoxide, I/E) to he
utilized was 3.8/1.




Phase Il - Ballistic Properties

During this phase of the program the selected formulation was eval-
uated in ballistic test motors along with the baseline TP-H7038 propellant to
cvaluate the effects of replacing the 17, DOA with 2% TP-90B on propellant

burning rate, The five-galion vertical mixer was utilized 1n this phase of the
study to provide the required ballistic and physical property samples, and to
evaluate scale-up effects. Mix T.188 of the baseline TP-H7038 propellant and
Mix T-243 of the seclected formulation (with 2% TP-90B) were processed without
difficulty. In fact, the processing properties of Mix T-243 were excellent with
an end-of-mix viscosity of 7.2 kp obtained. The TX3-1 burning rate versus
pressure relationships for these formulations are presented on Figure 7 and
show there 1s no significant difference 1n the burning rate characteristics of the
two propellants,

Tensile properties were also obtained for these formulations, and the
data presented on Figure 8§ shows the overall strain capacity of the formulation
contaiming 2% T:>-90B to be superior to the baseline TP.H7038 preopellant

LONS L iy e

Phase I]I - Sca]v-UE, Characterization, and Aging

The formulation evaluated in Phase II met the tensile and ballistic
property requirements of the program; therefore, it was given the designation
of TP-H7070 and was scaled up to the 420-gall n mixer for further evaluation
This mix was made to demonstrate the practiczlity of producing and handling
the selected composition on a large scale and to provide propellant for char-
acterization and aging tests,

Mix L-212 (420-gallon vertical mixer) of TP-HT7070 propellant was
made on January 12, 1973. This selected formulation, with 2% TP-90B as the
plasticizer and a pelymer/curing agent ratio of 1/1, was otherwise similar to
the standard TP-H7038 propellant in respect to solids. The ratios of ammonium
perchlorate paiticles used were 45% special coarse (=400 minrons)/27.5%
unground (=200 microns)/27,5% ground (=17 microns). End-of-mix viscosity
was 8.6 kp at 136°F. Effective casting life (time to 40 kp) was in excess of 16
hours (last reading, 25.7 kp at 13 1/2 hours).

Characterization - Ballistic Progerties

The ballistic properties characterization was devoted to testing TX3-1
motors over a wide pressure range at temperatures of 4130, +70, and -30°F,
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The results from these tests are presented on Figure 9 and show the required
burning rate of 0.39 in/sec W 1000 psia was obtained. The nmeasured 7 and
Ok values obtained from these tests are as follows:

TN (=30 to + 1309F) 0.103%/YF
L (=30 to +130°F) 0.092%/°F

Characterization - Bond Properties

A set of composite adhesion and peel samples were also loaded with
TP-H7070 propellant from Mix L-212. Tests were made at -30, 77, and 130°F.
These data are reported 1n Table 2. The composite adhesion values were
acceptable. Peel bond values were lower than expected and are considered
marginal for use in the SAM-D motor. No explanation car: be given for these
low values; therefore, add:tionai bond work would be required before this system:
could be used 1n a motor.

Character:zation - PPhysical Properties

A complete physical property characterization study was conducted with
the selected propellant as described below:

The objective of this phase of the program was to define the mechanical
response and failure characteristics of TP-H7070, the CTPB propellant selected
as the back-up to the primary HTPB propellant for the SANM-D motor. This
characterization provides data for the predictive structural analysis of the motor
over its temperature range of operation. Included in the characterization are
input parameters for the stress analysis as well as a definition of the failure
characteristics of the propellant in terms of design allowable stress and strain
conditions. These failure characteristics have been defined in uniaxial tension
and makes use of the principle of tune-temperature equivalency for thermo-
rheologically simple materials and particularly, the quantitative relationship
between rate and temperature effects on polymers set forth by Williams, l.andel
and Ferry. !

IM. L. Will:ams, R. F. l.andel and J. D. Ferry, "The Temperature Dependence
of Relaxation Mechamsims in Amorphous Polymers and Other Glass-Forming
Liquids™'. Journal American Chemical Society, 77, 3701.3707 (1955).
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The propeliant for this characterization study was obtained from
pressure cast samples from a 420-gallon nux, L.-212. The tensile tests, in
general, were conducted on Instron test machines with controlled crosshead
velocity of +0. 1% and a load accuracy of 40.5%. Temperature control is main-
tained to within iZOF with environmental conditioning chambers.

During the preparation and handling of the test specimens, the lavbora-

tory temperature was maintained at +77°F +5°F and the relative humidity was no
greater than 50",

Material Response Characterication

Constant Strain Rate Tensile Tests

The purpose of thege tests was to define the response characteristics
of the propellant in uniaxial tension. Constant strain rate tests of ICRPG Class
B specimens were conducted at crosshead separation velocities of 0.2, 2.0, and
Z0.0 tn/nmun at temperatures of -100, -80, -70, -65, -50, -3u, v, 20, 40, 60,
77, 130, and 1€0°F. Three replicate specimens were tested at each test condi-
tion. Strains were mecasured with plastic giruges,

The deternunation of the glassy modulus of the propellant was conducted
at -150°F. For these tests Class C JANNAF specimens were used and a gauge
length selected based on the distance between the centers +f radius of the flared
ends of the specimens. This raupge length was selected because the propellant
15 extremnely rig:d at this temperature and very little, if any, jaw flow occurs,
These tests were conducted at two strain rates and an average value of 176, 000

psi was vbtained for plassy modulus.

The constant strain rate uniaxial test data were utilized to determine
the magnitude of the time-temperature shift required for TP-17070 propellant.
This factor was obtained by empirically shifting data obtained at various temper-
atures and strain rates. Maximum stress was the tensile property parameter
used for determining the shift factor and was reduced to a reference temperature
of 298K (+77°F) and plotted as a function of the logarithric strain rate as shown
on Figure 10. The amount of shift along the logarithmic strain rate axis required
to superpose each pair of stress curves is then determined and the total required
shift obtained by addition. The total shift required for TP’-H7070 propellant was
LL. 30 which corresponds to a loe a (WLF shift factor) of 11.30 required to
superpusce data at the two temperature extremes, Having determined the shift
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factov, the Willizms- Landel-Ferry equation in its usual form~ was used to
caiculate che reference teriperature of the propeliaat as follows,

Two vimultaneous equations for test temperature extreraes T, and T,
were set up awl since the total shiit required butween the two temperature
extren.es is known, the {cllowing equation was derived:

lon g - logap = -8.86 (T - Ty) - '8'86 ‘EZ - Ts)___‘_“ == 1} 30
vl 2 300+ (I - T,) 101.6 + (T, - T

S

Substitution of the appropriate test temperatures into thie above equation
and solvine for T, yielded a value of 244°F fer TP-H7070.

The next step in calculating the machdnicai respunse of TP-HY070 ro-
puilant was to superpasce all of the stress-strain curves obtained by festing t
the vacious strain rates and temperatures inte o master stress-strain curve,
Individuai stress.stvain peints at strain increments of 2.5, 5.0, 7.5% and 1U%
were caiculated fraiy cach specimen testwd, These data werz ased to plot a
master stcess-strain curve which 1s a plot vi the logarithim of the termnperature-
corrected stress divided by th: temiperature roduced strain rate ‘ersus the
logarithm of the decimal strain divided by the temperaiure reduced ptrain rate
(Figure 11). %

The plassy and equilibrium modali are also incladed on Figure 11 and H
are straight lines of unit slope on the full-loparitisnic scale. The 2guilibriun I
modulus line is simply displaced to the right {(toward losgzer times) from the
glassy modulus line and a valuc of 129 psi war cbtained from zsiress relaxation

tects, The data obtzined frum the constant strain rate tests hie along a lince
{(represeating the relaxatiorn modnlus) vhich cunaects the glassy madulus an
eguilibrism modulus lines. )

The slope of the master stress-strain curve was used to caicvlate a
relaxation modulus for TP-H7070 propellont and these daia are presented on
Figure 12, Tuis 15 a plot of the logarithin of the time.deperdent relaxation
moduluz versus the logarithng of time at the referepce termperature of 2449K.
The curve has been genervelized by non-dimensionalizing time in terms of the
shift factor a;.

“B.B6 (T - T p
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The accuracy of the relaxation modulus curve as calculated from the
master stress-strain curve was checked with the Blatz2 modified power law,
This equaticn relates modulus at any time to the glassy modulus, equilibrium
modulus, the relaxation time of the material and 8 which is the slope of the
linear portior of the relaxation modulus curve. As shown on Figure 12, excellent
agrzement was obtained and the modified power law representation of the mechan-
ical response of TP-HT7070 propellant can be expressed as follows:

Ep= —0 + E.
(1 +/7)°8
whore: Ep = relewation modulus £ = -0.169
<. . a -13
Lg = 146‘0.00 pst T=3,62X%X 10
E, = 149 psy t = time at 244°K or t/a,

Hydrostatic Compressibility Tests

"~ The compresnikility of TP-HV070 propellant was measured on two
replicate specimens as a function of pressure vp to 2,000 psig, The sample
coasists of a thiee.ineh cube of propellant whose volume is measured by dis-
placement. The sarnples are coated with Latex rubber and placed in a com-
pressibility chamber containing water., The chamber is pressurized with
nitrogen gas and the chauge in the velunie of water and the specimen is measured

by menns ¢f an cxternal ¢ilualed servomanometer, ‘lhe tests were conducted at
1779F.

The compressibility of the propellant as a function of pressure is shown
on Figure 13, Anaverage bulk mocdulus of 333,000 psi was obtained for TP-H7070
propellant which s a typical value for highly-loaded composite propellants.

Thermal Expansion Tests

Thermai cocfficient of expansion of the propellant was meagured using
an cxperiraental set-up similar to that described in Section 4.9.1 of the ICRPG

2M. L. Williains, PP, J. Blatz and R. A. Schapery, "Fundamental Studies Relat-

ing to Svstems Analysis of Solid Propeilants'. Graduate Aeronautical Labora-
tory, California Institute of Technology, Report Number SM6 1-5, (Feb. 1961).
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Testing Manual, Two replicate determinations of thermal coefficient of expan-
sion were made by cooling the propellant. These determinations were made
using specimens approximately three inches long by about one-half inch in
diameter with a linear variable differential transformer following the motion of
the specimen as it is cooled and driving the Y-axis of an X-Y plot, The X-axis
of the plotter is compensated for use wtih a copper-constantan thermocouple so
that this axis is a direct plot of temiperature, The rate of cooling was approxi-
mately 2°F/3 mins. and the temperature range covered was from +150°F to
-1530°F. The apparatus used is capable of measuring change in length of two
specimens simultaneously. A copper specimen serves as a reference standard.
Two replicate determinations of the coefficient of thermal expansion were made
and the data are presented on Figure 14, A nominal value of 5.62 X 10-5 in/in/
OF was obtained over the temperature range from +110°F to -140°F,

Thermal Conductivity

The thermal conductivity of the propellant was determined using a
Colora Thermoconductometer. The Colora Thermoconductometer is based upon
the miethod of Schrueder for determining the thermal conductivity of solids, The
thermoconductometer reqguises tinic measurements only and does not involve any
calometric measurements. A cylindrical sample of the material to be tested,
approximately 1/8 inch thick by 3/4 inch diameter, is brought into contact with
the vapors from a boiling liquid, in this case, water. The heat transferred
through the sample to the '"cold side' is used to boil a lower-boiling liquid, in
this case, benzene, The vapors of the lower boiling liquid are condensed and the
rate of formation of condensate is determined. This rate of distillation is pro-
portional to the rate of heat transfer through the sample.

Calibrated samples with known heal fesistances are measured with the
selected liquid pair in order to determine the relationship between thermal re-
sistance and rate of distillation. i

Using a calibrated curve from the above tests, the thermal resistance
of the unknown sample is determined from the time required to distill one
nmullimeter of the low “oiling liquid; the thermal conductivity of the material is
then calculated from its dimensions and its thermal resistance by - ~ans of the
equation:

h
‘= TF cal/cm sec?C




Heat resistance of sample, sec®C/cal

= Sample height, ¢m
F = Sample cross-section, cm?

An average thermal conductivity of 1.292 X 1073 cal/cm-sec®C was
obtained for TP-H7070 propellant,

Specific Heat

Specific heat was determined by using a weighed specimen (1" x 1" x 2')
which is lowered from a steam jacket into a calorimeter containing a measured
quantity of water at 25°C (40, -1°2C). The initial temperature cf the sample is
assumed to be that of saturated water vapor at the existing barometric pressure
and is determined by reference to steam tables, The temperature of the water
is read to hundredths °C every one-half minute with a mercury in glass thermo-
meter. The final temperature of the system is caorrected for heat lost by
radiation. The heat gained by system is set equal to that lost by the specimen
and the equation solved for the specific heat of the specimen. Three replicate
samples were tested and an average value of 2.835 X 10-1 cal/gm®C was obtained.

Failure Behavior Characterization

Constant Strain Rate Tensile Tests

The elimination of temperature and rate from the failure characteris-
tics of materials such as propellant can be accomplished by simply plotting
temperature reduced tensile strength versus strain at maximum stress. The
characterization of failure in elastomeric materials by means of such a stress-
strain failure boundary was first proposed by Smith, 3 who sugpgested that such J
a boundary could be independent of path: that is. thai a stress-strain comhination
which lay on the failure boundary of an elastomeric material would result in
failure of the material repgardless of how the stress-strain combination was
applied.

3'T. L. Smith, "Ultimate Tensile Properties of EJastomers, I. Characterization

by a Time and Temperature Independent Failure Envelope'. Journal Polymer
Science, Part A, 1, 3597-3615 (1963).
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The failure boundary for TP-H7070 propellant was constructed from the !
data obrained frem the constant strain rate uniaxial tensile tests conducted at 1]
temperatures ranging from -100°F to +160°F and crosshead speeds of 0.2, 2.0 :
and 20.0 in/min. The failure boundary is shown on Figure 15 and shows that all -
the failure points lay along the line which represents the failure envelope of the
material. Within this envelope lie all the stress-strain conditions that can be
withstood by the propellant without failure; however, the material will presum-
able fail if it is subjected to any stress-strain conditions outside the boundary.

I PO SR

Strain Endurance Tests

In order to evaluate the lower limit of permissible strain for very low
stress levels, strain endurance tests were employed, In this test, JANNAF
tensile specimens of propellant are subjected to various constant strain levels
with three replicate specimens tested at each level, For most viscoelastic
materials such as CTPB propellants, failure will occur in relatively short times
if it does occur. The highest strain level at which none of the three sp=acimens
tested shows any defect for 14 days is defined as the strain endurance capability
of the propellant, A norinal strain endurance level of 22% was obtained for
TP-H7070 propellant and as shown on Figure 15 this strain level agrees quite
well with the lower end of the failure boundary,

ke

Aging Program

This aging program was designed as a one-year study which had the ;
capability for some phases to be extenacd to five; however, because of the '
behavior of the propellant during high tempeorature aging for one year, the
prugram is not being continued,

The initial storage items in this study were: prepared tensile sj 2i- .
mens which were stored (and tested without being allowed to warm) at -30 auna
-50°F to determine the susceptibility of TP-H7070 to undergo binder phase
change (or similar phenomenon) during Jow temperature exposure; and bulk

scaled samples that were aged at ambient and 130°F. Tensile tests (and strain :
endurance determinations where failure boundary testing was accomplished with

the bulk sealed samples) were conducted to foliow changes in physical properties y
with time.

Propellant samples which were actually stored and tested are as

follows:




Storage Storage Storage Time (Months)b
Item Temperature 0o 1 2 3 4 5 6 10 12
F Bulk Sealed 130°F X X X X & J X X
Bulk Sealed Ambient X X X X
Specimen -30°F X X X
Specimen -50°F X X X X
(iradient? 130°F X

a. One surface exposed to nitrogen gas/desiccated (1-2g.
Molecular Sieves) atmosphere,

b. (X = Additional storage items for additional information,

Twelve months of storage and testing were accomplished, which,
as indicated above, completes this aging program.

Low-Temperature Specimen Storage

In this study, prepared tensile specimens of TP-H7070 were subjected
to -30 and -50°F storage for periods up to six months. The tensile data
generated during this time (Tables 3 and 4 ; Figures 16 and 17) show no signifi-
cant change in strain capability for the propellant at -30°F. (The indicated
minor decrease in tensile strength found in the six-month test results is
attributed to testing variables,) The propellant did, however, experience a

] and A
minger te micde

. . . s I
o modcrate reduction in elongation at =50 F,

Bulk Sealed Storage

Complete failure boundary testing (JANNAF plastic garge samples at
160, 130, 77, 40, 0, -30, -50, and -65°F as a minimum) with strain endurarce
determinations were accomplished at each test interval. After it became
apparent that the propellant was not going to exhibit the desired improved storage
stability at 130°F, the decision was made to test a sample at the 10-mc¢nth
storage interval, but the number of test temperatures were reduced to five (130,
77, -30, and -50°F) so that only one bulk sealed sample was requizcd

AP Uy

The results that were obtained during twelve moaths of v 1k realed
storage at ambient show the development of an expected minor post cure
involving increased tensile strenpth, decreased elongation, and decreased
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strain endurance (Table 5; Figures 18 through 23). The minor changes that
the post cure caused in propellant physical properties at 77°F can be seen in
the tensile properties versus time plot on Figure 18. The shift in the failure
boundary that has occurred with the development of the minor post cure is
quite evident in the failure boundary plots on I'igures 19 through 23.

TP-H7070 propellint experienced a considerable decrease in tensile
strength when aged in bulk sealed form at 130°F. At the end of twelve months,
the reduction in maximum stress values was greater than 50% at the higher
test temperatures. The test results obtained through the twelve months of
exposure are found in Table 6, Although the softening became apparent after
two to three months, the data points continued to provide a good fit to the "'0"
time failure boundary through four months of storage; however, the changes
that occurred after this time caused a shift to the right in the lower part of the
failure boundary which is formed by the higher temperature tests and strain
endurance (Figures 24 through 31).

The softening that has been experienced with this mix of TP-H7070
(L-212) at 130°F is comparable to that obtained with TP-H7038 under the same
cenditions, This fact is quite evident when the 77YF test results from
TP-H7070 (Figure 32) are compared with those generated in two TP-H7038
propellant aging programs that were conductcd with Mixes N-432 and L-32
{(Figures 33 and 34).

As reported previously, the degradation obtained with TP-H7070 at
130°F was unexpected, and was investigated. Since internal moisture was
considered to be the most likely cause of the poor thermal stability of the pro-
pellant (with the special coarse perchlorate being the most probable source of
the internal moisture), one part of the investigation involved the use of
desiccant during sterage in an attempt to imuprove the high temperature sta-
bility. It was demonstrated in the two TP-H7038 aging programs that improved
thermal stability could be achieved by desiccation (Mix L.-32, Table 7 ,
with desiccation; Mix N-432, Table 8 and Figures 35 and 36, no desic-
cation, and Table 9 and Figures 37 and 38, with desiccation). However,
in those programs, the amount of desiccant employed was much greater
than that used in the TP-H7070 study. In the TP-H7070 investigation,
dr~siccated gradient samples (1.0 to 2. 0g. of desiccant which was based
upru a recommended 200g, for the SAM-D motor) were placed in storage at
130°F. Gradient tensile testing at 77°F was then accomplished after three
and six months of storage. The results, as found in Table 10 and on Figure 39,
show that this amount of desiccant did not improve the thermal stability of
the propellant. The six-month test data show a 30 to 35% reduction in tensilc




*
Z%cokol /mm,m owrsiow

strength which is identical to that found in the 779F test results after six
months of bulk sealed storage (Table 6),

Since it now appears that the probable cause for the poor thermal
stability of the TP-H7038 family of prenellants was due to internal moisture in
the special coarse, another area of investigation involved an effort to formulate
ar acceptable propellant without special coarse ammonium perchlorate, This

will be discussed more fully under Phase IV below,

The following conclusions were drawn from the one-year TP-H7070
propellant aging progranu

a, Low temperature specimen storage results show no significant
change in strain capability for TP-H7070 propellant during six months of ex-

0 . . . .
posure to -30°F; at -50°F, however, a minor to moderate reduction in elongation
occurred,

b, The propellant experienced an expected minor post cure (in-
creased tensile strength, decreased elcnmation, and decreased strain endurance)
during twelve montks of hulk sealed stcrage at ambient,

c. TP.H7070 exhibited an unexpected decrease in tensile strength
when stored in bulk scaled form at 130°F. This phenomennn (which apparently

is caused by internal moisture, with tne special coarse perchlorate Leing the
most likely source of the moisture) was investigated,

d. In one part of the investigatica, desicecation (with the amount o

desiccant being based upon the recommended 200¢g. for the full-scale SAM-D
motor) did not imiprove the thermal stability of the TP-H7070 formulation.

£
1

e. An effort was made to formulate an acceptable propellant that
did not contain special coarse perchlorate,

Phase IV - Reformulafion, Scale-Up, and Aging

The TP-}7070 propellant developed and tested under Phases I through
111 exhibited equally poor high temperature aging stability as the initial TP-H7038
propellant. These data indicated that the probable cause of the premature tensile
property degradation is moisture, and specifically the high internal moisture
content of the special coarse oxidizer. Therefore, the TI’-H7038 propellant was
reformulated to delete the special coarse AP. 1t was theorized that the pro-
pellant moisture content could be sienificantly decreased if 200 micron (unground)

29

o

e s i

i

i, e e Ak et

ol

sidi




oy

AP was substituted for the special coarse (420 micron) AL’ fraction. Some
recent work with TP-H7036 propellant, which is similar to TP-H7038, showed
that the propellant could be successlully processed without 420 micron size AP
and with low percentages of ground Al’, a step necessary in order to maintain

a sufficiently low burning rate. A change from a nomianal 16 micron aluminum
particle size to a nominal 30 micron aluminum particle size also helped sigmif:-
cantly in keeping the burnineg rate low on the TP -117036 propellant.

A 3 1/2-gallon mix, R1065, of modified TY-H7038 propellant was made
using a 80720 ratio of unground/eround AP, a 1/0.80 polymer/curing agent ratio,
and 30 micron aluminum. The mix had acceptable processing proparties, un-
cured strand rate similar to TP-118208, and excellant tensile properties. Next,
ancther 4 1/2-¢allon mix, R1066, was made using a 1/0.83 I/CA ratio and the
same AP’ ratio and aluminum as the first mix. The second mix had acceptabie
processing properties, near-target TX-3 burning rate, and adequate tensile
property values. However, the 1/0.83 P/CA mix had only 22 percent strain
endurance, as oppused to 34 percent measurcd for the previous mix (1/0.80) and
30 percent (typically) for the earlier versicn of TP-H7038. Table 11 compares
processing, ballistic and tensile data from the early (trimodal AP) TP-H7038
version, TP-H7070 (Phase 1I1), TP-HB8208 ‘HTPB), and the modified (bimodal
AP) TP-H7038. The results demonstrate that the bimodal version of T1*-117038

can: (1) be processed; (2) provide adequate tensile properties; and, (3) yield
target burning rate,

The modified (bimodal AP) TP-H7038 propellant was scaled up to a 50-
gallon mix, W-24, for further evaluation, The 50-gallon vertical mixer was
used since insufficient funds were available for a larger 420-gallon mix, and
since sufficient samples could be obtained for the short time remaining un the
prosram for aging evaluation. This mix was made to demonstrate the practia
cality of processing and handling the selected composition on a larger scale, to
provide propellant for ballistic and tensile property evaluation, and to provide
sammples for the abbreviated aging program.

Mix W-24 was made on November 15, 1974, usineg a 80/20 ratio of
unground/ground AP oxidizer, 30 micron aluminum, and a 1/0. 80 Y/CA ratio
at a 5/1 imine-to-epoxide curing apent ratio. Since this was the first 50.gallon
miy of this type propellant, the old TP-H7038 procedures for the 420-gallon
vertical mixer were adapted to the capabilities of the 50-gallon mixer. The
resulting propellant appeared to be well-mixed and all planned samples were
cast. End-of-n.ix viscosity was 20.7 kp at 124YF,
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Ballistic Properties

As discussed previously, the use of special coarse oxidizer was at first
considered necessary to achieve a sufficiently low burning rate, This belief held
until recent work indicated high ratios of unground~to-ground oxidizer could pro-
vide the desired low burning rate while maintaining propellant processability and
good tensile properties. Under this propellant reformulation effort, a 80/20
ratio of unground/eround oxidizer was utilized in the two 4 1/2-gallon mixes.

As Listed previously in Table 11, the burning rate obtained on Mix R1066 was
below target. No attempt was made to adjust the oxidizer ratio on scaling to the
30-gallon vertical mixer since scale factors between the two mixers for this type
propellant were unknown, Also, if a burning rate below target was obtained on
the 50-eallon mix, adjustments to raise the burning rate for future mixes would
be in the direction that would provide Letter propellant processing and tensile
properties,

1 X3 ballistic test motors loaded {rom Mix W-24 were tested using the
same hexagonal test pattern used for SAM-D niotor loading mixes. Test results
and calculated ballistic properties ave guven in Table 12, These results show
that the burning rate achieved was approximately 5 percent below target, This
was encourapging since it indicates a wider range of burning rate tailoring ability
while still achieving the desired burning rate and good processability.,

Tensile Properties

A simplified failure boundary (tests at 2 in/min. crosshead speed only)
was coastructed for the modified TP-117038 propellant from Mix W-24. This is
shown on Figure 40, and the tabular results are given in Table 13. A nominal
cstrain endurance level of 30% was obtained. In general, the tensile properties
obtained are considered to be quite good, and are considerably better than those
obtzined with the TP-JI7070 propellant discussed under Phase Il1I.

Aring Propram

Sufficient samples we 7e obtained from Mix W-24 to do minimai aging
for one year; however, only six months were available for testing. The planned
allocation of the samiples obtained is outlined in Table 14. As noted, the
evaluation included t:ulh scaled and bulk gradient storage - ambient and 130°F,
Failure boundary testing was accomplished with the bulk scaled samples, The
gradient samples, which were aged under nitrogen with and without desiccant
{with the amount of desiccant being based upon the recommended 200g. for the
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full-scale SAM-D motor), were tested (tensile) at 77°F to determine the extent
to which surface-interior physical property gradients occurred.

Six months of storage and testing were completed with the following
regults obtained.

Bulk Sealed Storage

The modified TP-117038 formulation has experienced an expected
slight reduction in strain, with no significant change in stress, during the six
months of bulk sealed storage at ambient, Tensile results, as presented in
Table 15 and on Figures 40 through 42 show essentially the same behavior that
TP-H7070 propellant exhibited under the same storage conditions. Even though
there was a minor decrease in strain values at most of the test temperatures,
the only change seen in the six-month failure boundary was a slight shift to the
left for the lower portion,

Six months of exposure to the elevated temperature of 130°F, in bulk
sealed form, has caused the modified TP-H7038 propellant to undei1go a minor
reduction in tensile strength, with no significant changes in strain values, at
most of the failure boundary test temperatures (Table 16, Figure 43). How-
ever, minor decrease in stress values has caused no appreciable change in the
failure boundary. This fact is quite obvious when the failure envelopes found
on Figures 44 through 46 are compared to that for the unaged propellant (Figure
40),

The bulk gradient tensile results from the ambient storage contained
some scatter, and there was some sample to sample variation, However, an
overall review of the data showed about the same behavior pattern as obtained
with the ambient bulk sealed storage (Tables 17 and 18, Figures 47 through
52). There was a minor reduction in strain with no appreciable change in
stress. There was also no development of surface-interioyr physical property
gradients, and no detrimental changes due to desiccation. This last statement
could possibly be challenped when the indicated decrease in strain obtained for
the six-month desiccated sample is considered (Table 18, Figure 51). How-
ever, this indicated change was apparently caused by sample to sample varia-
tion, because low strain values were obtained throughout the sample. The
diffusion rate of moisture is such that the whole sample could not possible be
affected by external desiccation within six months. This is, therefore, the
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the reason for stating that desiccated storage at ambient has resulted in no
detrimental changes,

Gradient storage under nitrogen at 130°F in (he absence of desiccant
causcd the propellant to experience a surface-~interior physical property gradi-
cnt duc to decreased tensile strength on and near the exposed surface, This
gradicnt first became apparent after two months of exposure and, at the end of
six months, progressed to the point that the propellant has been effected to a
depth of two inches (Table 19, Figures 53 through 58). However, the interior
propellant beyond the first two inches has, at the end of six months, undergone
only a minor decrease in tensile strength of about the same magniture as that
experienced by the 130°F bulk scaled samples,

The results contained in Table 20 and Figures 59 through 62 show
that desiccation will definitely improve the high temiperature (130°F) stability
of the modified TP-H7038 propcellant. 1In the presence of desiccant, there was
no apparent surface-intcrior physical property gradient due to decreased stress
and strain on and near the surface. As expected., however, the plot of the six .
month data showed a minor reduction in the tensile strength of the interior
propellant. The indicated minor decrease of tensile strength on and near the
surface of the six-month samplc probably means that the desiccant in this
particular container was esscntially depleted.

Comparison of Storage Stability at 130°F

The storage stablity of the various CTPDB back-up propellants for
SAM-D was comparcd after aging at 130°F. This comparison included the
original CTPB propellant with special coarse oxidizer, TP-17038; the pro-
peilant developed under Phases 1 and U of this prrgram, TP-H7070; and the
modified TP-H7038 developed herein (under Phase V) with no special coarse
oxidizcer, (Additional information on these formulations in respect to oxidizer
content, l/E ratio, and P/CA ratio can be obtained by referring to Table 11).

Althoagh removal of the special coarse perchlorate from the modified
TP-117038 propellant did not prevent softening (decreased tensil:: strength) of
this formulati 'n, there was some improvement, A comparison of the results
from Mix W-24, modified TP-1{7038, with those obtained from the other CTPB
propellants (M:x L-212, TP-H79070: Mixes 1.-32 and N-432, original TP-H7038)
was somewhat complicated by the fact that the four aging studies on these mixes
were not conducted in the same manner; however, sufficient comparative data
were avatlable for general conclusion to be drawn regarding the benefits of the
formualation changes. The results that were available, and the ranking (best to
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poorest) of the four mixes of propellant after six months at 130°F under each
storage condition are presented in Table 21 (figures noted on this table give
location of data used in comparison).

Even though, in the majority of the cases, the differences in the
mechanical properties of the propellant from the four mixes were rather
small, it will be noted from Table 21 that in no instances were the properties
of Mix W-24 inferior to any of the other three mixes. The most conclusive
evidence for the high-temperature superiority of the propellant from Mix W-24
was found in the bulk sealed data. At the end of six months, the modified
TP-H7038 formulation had definitely experienced less degradation (reduction
in tensile strength) than the other three mixes. The bulk sealed environment
conctitutes the best condition for evaluating the storage stability of propellants
because the only variable factors involved are time and temperature,

In respect to the other storage conditions, the tensile properties of the
surface slab from bulk gradient samples stored under a nitrogen atmosphere
(without desiccant) show that the modified TP-H7038 propellant (Mix W.24)
changed at a slightly slower rate than the regular TP-H7038 propellant (Mix
N-432). The tensile properties through the bulk gradient samples stored under
nitropgen for si1x months show that, although the surface slabs were affected to
about the same degree, the modified TP-H7038 propellant was affected to a
lesser depth than was the regular TP-H7308 (Mix N-432). Sumilar data was
not avatlable for mixes 1.-32 and 1.-212.

For the bulk gradient samples stored under a nitrogen atmoserhere
with desiccant, the tensile properties of the surface slabs (based on tensile
strength) indicate an equal ranking for the modified (Mix W-24) and regular
{Mix N-432) TFP-H7038 propellants. The reduced strain values for the N-432
mix were probably caused by overdesiccation. (Excessive desiccant for size
sample was used with both Mix N-432 and L.-32). The physical properties
through the buik gradient samples stored under nitrogen with desiccant show
an equal, but higher ranking for Mixes W-24 and 1.-32 than for Mix [L-212
and N-432, Surface properties of Mix N-432 were superior to those for Mix
L-212 apparently because of the excessive amount of desiccant used with Mix
N.-432,
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In summary, the following conclusions were drawn from the six months
modified TP-H7018 propellant aging program.

a. Removal of the special coarse ammonimum perchlorate oxidizer
from the TP-H7038 propellant formulation resulted 1n an improve-
mient in the physical properties and in the high-temperature (1309F)
storage stability. This was indicated by the bulk sealed sample
physical properties and the depth to which surface-interior properties
were affected in bulk gradient samples stored under nitrogen,

L. The propellant experienced an expected slight reduction in strain,
with no significant change in stress, during the six months of bulk
sealed storage a* ambient. This was alsou true for the bulk gradient
samples, which also showed no development of surface-interior
physical property gradients and no detrimental changes due to
desiccation,

c. GCradient storage at 130YF in the absence of desiccant caused

the propellant to exnerience 2 surfaee-interior physical praperty
vradient due to decreased tensile strength on and near the exposed
surface, However, the interior propellant (beyond the affected
depth) underwent only & minor decrease in tensile strength of about
the sarne magnitude as that of the bulk sealed sampgles. In the
presence of desiccant, no surface-interior physical property gradient
was apparert, but an expected ininor reduction in tensile strenegth

of the interiur propellant was shown.

d. With the nnprovements shown, the modified formulation without
froin the CTPB
propellants for the SAM-D motor 1f, for some highly uniikely reason,
it became necessary to substitute a CTI’E propellant for the present
HTP propellant,

special coarse oxidizer would be the hetter choice

Ee ..
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4 TABLE 2
% ] BOND OF TP-H7070 PROPELLANT TO TL-H715A LINER

PROPELIANT MIX NO. L-2121)

LINER MIX NG. RL-02:90%) 2-13-72

TEST TEMPERATURE: 77°F

STRAIN RATF: 1 IN/MIN

Test Composite Peel
Teinp. ______Adhesion Initial Avg. Failure (3)
OF Load Failure (3; pli pli
-30 . 291 5P+ TCP 21.1 21. 8 5TCP
1 134 4P+ TCP 7,4 6.9 5D
13¢ 63.8 2TCD,3PiTCP 4.2 4.0 5B
- (" Propellant Physical Properties for Mix L-212 at 77°F
Modulus: 1093
. Strain at M»ox. Stress: 27%
Stress, Max. 179
(2) l.incr was precurcd 3 hrs, at 170°1 prior to propellant being cast.
Penetrometer hardness at end of precure: 165 mm X 1077, ro weight.
(3) The number of samples tested and the muode of failure are indicated:
P- propcllant, TCP thin coat of propellant; B= bond.
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TABLE 11

S5AM.-D PROPELLANT SUMMARY

Propellant TP-H TP-H TP-H TP-H TP-H TP-H
7038 7070 8208 7038 7038 7038
Mix(es) Various L.-212 Various Q14705 RI1065 R1066
AP Ratlio
: Special Coarse, % 45. 0 45.0 0 0 0 0
: Unground, % 27.5 27.5 70 80 80 80
§ Sround, % 27.5 27.5 30 20 20 20
1/E Ratio 5/1 3.8/1 NJ/A 5/1 5/1 5/1
P/CA Ratio 1/.83 1/1 1/.8 1/.81 1/.80 1/.83
} EOM Viscosity, kp 13 8.6 4 80" 12.8 14.0
! 6-hr. Visvosity, kp 25 - 22 -- 28 33
Parame‘er o__p
Modulus, psi 130 400 973 415 877 659 1131
g Strain @ MS, % 130 30 24 52 31 35 31
{ Max. Stress,psi 130 100 146 142 148 125 154
Moduolas, psi 77 700 1093 641 958 855 1257
Strain (@ MS, % 77 32 27 53 36 37 37
Max. Stress, psi 77 125 179 169 176 144 189
: Modulus, psi =30 4500 3423 5448 5600 4284 5643
: Strain & MS, % -30 36 21 71 39 50 56
§ Max. Stress, psi -30 300 319 481 385 346 447
3 Modulus, psi -65 1300C 10401 14615 15000 17827 15454
i Strain @ MS, % -65 36 41 45 43 52 48
Max. Stress,psi =65 600 563 865 735 715 738
f Strain Endurance, % 30% 22% 47% 30% 34% 22%
5 .
5 Burning Rate, in/sec . 434 . 432 .434 No Test No Test . 420
f
; “Propeliant Temperature = 1200F
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Charge

Test Results

TABLE 12

MODIFIED TP-H7038 PROPELLANT BALLISTICS

Test

Temp., oF

e N e N R A

-50
130
-50
130
40
40
40
40

Vol WSO R 1T 11 s .
valcujlalcu DALLLSLICS,

AOe=
U'F, Payg

Mix W-24
Web Time, Avg, Pressure, Burn Rate,
sec, psia in/sec,
1.762 1024 0. 352
1. 496 1187 0. 415
1. 651 1286 0. 375
1.412 1499 0. 439
1.497 1532 0.414
1.672 990 0.3.0
1. 589 1226 0.390
1.586 1232 0. 391

Variabie

Avg., Pressure,

psia Kn
1000 247
1100 263
1200 279
1360 295
1300 312
1450 320
1500 328
1600 345
1700 362

Burn Rate,

in/sec

0.

379

. 388
. 397
. 405
. 413
. 416
. 420
. 427
. 434

[EEPIE S SRR SN T
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TABLE 13

BULK PHYSICAL PROPERTIES*F MODIFIED TP-H7038 PROPELLANT

Test

- Temp.
(°F)

160
130
77
60
40
20

=20
=30
=45
=55
- -65
=70
-80

*Corrected Strain Gage Data,

Modulus

(psi)

730
741
887
993
1108
1544
2437
3486
5320
7741
11306
15794
17313
20530

Class C Specimens

(Mix W-24)

Maximum

Stress
(psi)

136
151
192
197
219
245
294
369
422
543
659
754
791
828

53

Strain at Strain at
Max. Stress Cracking
(in/in) ' (in/in)
0.346 0.355
0.389 0.397
0.438 G.452
0.455 0.469
0.467 0.480
0.462 0.483
0.478 0.502
0.522 0.546
0.508 6.535
0.521 0.543
0.568 0.594
0.502 0.517
0.464 0.472
0.166 0.193

- -~ ——
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TABLF 15

EFFECT OF AMBIENT TEMPERATURE STORAGE ON THE PHYSICAL

PROPERTIES OF MODIFIED TP-H7038 PROPELLANT STORED IN BULK SEALED FORM

(Mix W-24)

Storage Test Maximum Strain at Strain at
Time Temp., Modulu s Stress Max. Stress Cracking

(months) (°F) (psi) (psi) (in/in) (in/in)

0 160 730 136 0. 346 0.355

130 741 151 0.389 0.397

77 887 192 0.438 0,452

60 993 197 0.455 0.469

40 1108 219 0.467 0.480

20 1544 245 0.462 0.483

0 2437 2914 0.478 0.502

-20 3486 369 0.522 0.546

-30 5320 422 0.508 0.539

-45 7741 543 0.521 0,543

-55 11306 659 0.568 0.594

-65 15794 754 0.502 0.517

=70 17313 791 0.464 0.472

-80 20530 828 0.166 0.193

6 160 951 142 0.329 0.336

130 909 136 0.286 0.293

77 1155 189 0.383 0.396

60 1149 190 0.425 0.436

40 1375 227 0.427 0.438

20 1595 239 0.448 0.468

0 2889 306 0.439 0.453

-20 3687 343 0.454 0.477

-30 4752 439 0.506 0.535

-45 8527 484 0.483 0.513

-55 11115 686 0.575 0.588

-65 14277 694 0.443 0.478

-70 17325 829 0.454 0.465

-80 21802 788 0.039 0.174

“Corrected Strain Gage Data,

Class C Specimens
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TABLE 16

EFFECT OF 130°F STOCRAGE ON THE PHYSICAL PROPERTIES OF MODIFIED

TP-H7038 PROPELLANT STORED IN hULK SEALED FORM

(Mix W-24)

Storage Test Maximum Strain at Strain at
Time Temp. Modulus Stress Max. Stress Cracking

{(months) (°F) (psi) (psi) (in/in) (in/in)

0 160 730 136 0.346 0.355

130 741 151 0.389 0.397

77 887 192 0.438 0.452

60 993 197 0.455 0.469

40 1108 219 0.467 0.480

20 1544 245 0.462 0.483

0 2437 294 0.478 0.502

=20 3486 369 0.522 0.546

-30 5320 422 0.508 0.539

~-45 7741 543 0.521 0.543

~-55 11306 659 0.568 "0.594

-65 15794 754 0.502 0.517

-70 17313 791 0.464 0.472

-80 20530 828 0.166 0.193

3 160 640 127 0.373 0.382

130 694 131 0.378 0.384

7 951 171 0.460 0.472

60 1088 179 0.447 0.461

40 1174 1.8 0.455 0.466

20 2323 227 0.459 0.477

0 2873 281 0.511 0.543

<20 4527 344 0.498 0.532

-30 6488 382 0.523 0.548

~45 10106 514 0.536 0.563

-55 12620 592 0.508 0.528

~65 18135 715 0.497 0.502

~70 18629 759 0.395 0.410

-80 22902 854 0.106 0.149

*Corrected Strain Gage Data,
Class C Specimens
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TABLE Ju (concluded)

EFFECT OF 130"F STORAGE ON THE PHYSICAL PROPERTIES'OF MODIFIED
TPR.H7038 PROPELLANT STORED IN BULK SEALED FORM

{Mix W-24)
Storage Test Maxin:um Strain at Strain at
Time Temp. Modulus Stress Max. Stress Cracking
(months) (°F) (psi) (psi) (in/in) (in/in)
5 160 623 115 0.379 0.389
130 (00 117 0.404 0.414
77 950 159 0.415 0.426
60 951 163 0.469 0.485
40 1379 166 0.457 0.474
20 1712 213 0.514 0.536
0 2711 267 0.441 0.479
-20 4120 330 0.491 0.523
-30 5592 384 0.472 0.495
-45 7763 497 0.613 0.648
-55 11885 612 0.474 0.494
-65 14224 727 0.472 0.485
-70 18013 798 0.351 0.365
-80 17656 681 0.068 0.139
6 160 508 171 0.4130 G.440
130 718 111 0.373 0.382
77 922 i59 0.433 0.446
60 920 148 0.440 0.459
40 1237 184 0.431 0.441
2 1845 202 0.470 0.493
0 2577 270 0.485 0.511
-20 4466 312 0.493 0.533
-30 4910 380 0.498 0.540
-45 7074 463 0.588 0.680
-55 11908 651 0.534 0.580
-65 15250 752 0.550 0.580
-70 18001 857 0.440 0.453
-80 20899 843 0.073 0.144
“Corrected Strain Gage Data,
Ciass C 3pecimens
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Gradient (N>, without desiccant)
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TABLE 21

_}ANKING OF CTPB BACK.UP }’ROPELI,ANTS AF:TER AGING
(6 Manths Storage at }30°F)

Bull. Storage

. Mix W-24 (TP-H7038, muadified) (Figure 43)
2. M'x L-32(TP.H703%8, regular) (Figure 34)
3. AMix JL-272 1 TP-H7070) (Figure 32)

4 Mix N.432 (TP-H7028, regular) {(Figure 33)

Grad:ent (N,, with desicoant)
Surface Siab versus Time ™™

1.

b
[

Zradient v ,, withiout desiccant)
P'ropertirs versus Depth

Mix Wo24 (Figure 58) 1. Mixes W-24, N-432
(Fiaurexz 62, 37)
MUN N-432 (Figrure 35)

Cradient (Np, with desiccant)

roperties versus Depth

1. Mix W.24 (Figure 57) 1., Mixes W-24, L-32
(Figures 61, 64)
2. MIxX N-432 (Figure 63) 2. M:ixes 1.-212, N-432

(Figures 34, 65)

Ranking, best (1) to paorest (4).

g

tirne through ¢ months.
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Figure 1. Effects of 2%, DOA on Failure Chara cristicz of TP-H7038 Propellant
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O 160°F D 4c°r QO -30°%F0 -70°F
PROPELLANT TYPE: TP-H7038 O 130°F (y 20°F (O -45°Fy -80°F
MIX NUMBER: w-24 O 1°r 0 0°F Qf -559F
"0 TIME A ©0°F  Q-20°F O -65%
N
1000 P ———]
800 —
ma— _T
_ 600 1
n - —]
a ;
— 400 T —
I+ i — ;
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! - — i
60 £ ]
|
40 ==
20 - , :
0o 0.2 0.4 0.6 0.8 1.0 1.2

STRAIN AT MAX STRESS,IN/IN

Figure 40, Failure Boundary, Modified TP-H7038 Propellant, Mix W-24
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PROPELLANT ,YPE TP-H7038

MIX NO. W-2U4 LEISSTO TEMOPERQTUR7EO. DEG.
o 0-
STORAGE COND. AMB./6 MO. 0139 ©-20 w-ao
077 0-30
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B30 ool
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STRAIN AT MAX STRESS, IN/IN

Figure 42, Failure Boundary, Modified TP-H7038 Propellant Stored
Six Months at Ambie:t
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PROPELLANT TYPE TP-H7038

MIX NO. W-2U TEST TEMPERATURE, DEG. F
Q160 00 0-70
STORED AT 130QF/3 MO. 0130 ©-20 v-80
<77 O-30
AGQ O-45
&yo A -55
D20 0O-65
3000 ,
2000 —
1000 ¥ ——
800 0
. N
600 -
— U400 - ya ol
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o
~l o200
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o <
a
53 100 i
& 80
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60 T
4o
20

0.0 0.¢ 0.4 0.6 0.8 1.0 1.2
STRAIN AT MAX STRESS., IN/IN

Figure 44, Failure Boundary, Modified TP-H7038 Propellant Stored
Three Months at 130°F
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PROPELLANT TYPE TP-H7038

MIX NO.  W-2U TEST TEMPERRTURE, DEG. F 3
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Figure 45, Failure Boundary, Modified TP-H7038 Propellant Stored
Five Monthe at 1207F
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Figure 46. Failure Boundary, Modified TP-H7038 Propellant Stored
Six Months at 130°F

. 109




— T

RS — . — T I rer Ry W W

(¢Ny wrod juaiped Qing ul parolg juefjadoad §E0 H-d L
PaJIPON Jo satjaadord 1eO1SAYY 3Yj UO SYFUOJN ¢ 10 2BBIOIE JU QWY JO 393131

(soy>ul) H1dd3d

"Ly 8an3Lg

rrr g1 11 7JrT

AN AN

- am ——— > -

SYjuo N ¢ awil], 3der0]s

UF/uT SPP 0 eurSTa)  f8SaI3§ WnuXey 38 UTeXlS A
t9d g8l TUTITLO {983J1S WWTXeN ()
ALl smjsxadwal, 1SuL

(CN) W0 JUSIPRID 4, quV SUOT3TPUC) =¥BI013
PZ-M Jaquny XTI

(P21J1PON) BEOLH-dL  odAL jueTTadoad

ll"'j/,l'-!l"..""'*..-""-l'k

|

1

90

VAN
-

Li 111

dNTVA TYNIDIHO
INTVA

0°T

110

5T

Lot a o b a e eal

o'e

L

6'2




(ZN) wiaoq juaiped S fng Ul paaols Jueliadold g¢0LH-dL
pPailipo jo serjaradord (e21sAyd dYj U0 SYIUOIN g 10j 33BI0JS JUBIqUIY JO 309114

(sayou1) H1d43d

9 S 1

L L D L

SYUJUOW 9 w1 ], 2381038

ap/ur S E 0 RUTSTLD  {$SaJ35 WNTXBW 1@ UTRIS A

38d ggl TBUPBTD {95314S unmixXen
7 d, 22 aanieaaduwsl 1Say,
{"N) WIog iUdIpeln g "quly SUoOT3Fpuc) =38I03S

Pe- M J3qLNN XTW
{patjipoN) 8E0LII-dL adAL jusTTadoad

"8y 210314
2 T 0
rr 1 | 7 17 11 rrrr1r]¢co
-
-
-
— 60
J
D —
A A P & .
Ab N - OH
J
— ST
J
-— 0°C
-
- s

dN'IVA TYNIOIHO

JNTVA

111




(IN) waog juatpess [y Ui palois jueliadosd ge0LH-d L
P3IPUN O soi1jaadoad Jed18AYd gelS 9TBJINS aY) UO 28BIO0JS JUIIGUWIY JO 103]j ‘6F a.nB1 T

(SHINOW) 11

ZT 0T 8 g f ¢ oc.
rr-rrorrorro e 00

S‘0
& A =
---'-'-'-'--"-""'!'.‘"l--p-""l' O-H w
Mm - R
sE -
— ™,
. ~
S'1T
0'2
avTls dJovidns
NIi/NITSHF 0 IVNIOINO (SSIYULS *XVW LY NIVHIS A
IS4 S8l IVMI91¥0 1SS3ULS WNWIXVW O . S'C
.._ollllluﬁ 33dNLVYIdWIL L1531 .
((N) WHOd Fuapean dg ~qwv  SNOILIGNOD 39VYOLS
PZ-M YIGWON XIW

(pa1PON) BEO0LH-dLl 3IdAL INVII13d40dd




("82Q *¢N) Wwaio0g juaipean A[ng Ul palojs juelladoid REOLH-dL
PaJIPON Jo E3ljaadoag (ed184yd 9yj uo BYUJUOW ¢ J0J 38®B103S JUIIQUIY JO 393]J QG 24NB1g

(Bayoul) H1dIA

9 S i 3 4 1 0
frrrrrrrrrr v rrr T T T T 00
.
— s0o g
~
- Q
- =
A b < |&
A o c I & 7 & |
e e R e e OO —— =3l ot B
- 5°1
— o2
-
sz

EYjuoN ¢ aunyg Iderolg
UT/ur  Shy OQUIBTI0 {8935 WWIXEW 38 UTEIS A

isd SgI  euIBtXO0 {893238 waA@XeH ()

g, LL samisIadmal, 38y,

(*39@/IN) wiog FEIWEID ,; AOY SUOT3ITPUCD =3BI03E
vi-m I3QLIW XTh

(pPipoN) 8¢0LH-dL ¥4 rueTTedoag

113




("soQ ‘¢n) wiog iusipely fIng] ul paaoviyg juelladoad BE0Li-dL

POUIFON JO 831419doay TR154Yd 943 U0 BYIUCIY § 10] 2084035 Uelquuy jo 3395Jjd |6 34n31 g
(8aydul) H1ddU

9 S n £ g 1 n
_-1-_9-_!_.___.41________

J

VA O, -

A AN ’ AN

. p \D C O O -

J

—

SYJUOW g aun ] o3er0jy

S\E&Eﬁwﬁo 19953235 waTxel 19 uTRS A
isd 581  eUIBID {98318 WATXRH ()
LP_NN samivxsdwal, 15w,
(830 /¢N) miog USTPEID 4 ~quIy SUOT3JpuUc) =Fel03y
rZ-M J3quny XTH

(P31J1poN) 8E0LH-dL AL juerrados

c'o

o)

Oh §

S'T

02

g2

INTVA TVNIDIUO

dNTVA

114




Crwed CONG WD g JUpRIL {10y W) pedoyy ue]lededd ar0liid L

Y

PeoijipaN Ju seilyl .-&CLQ RIS AU ] gElY SR LY wl) ui LwBVI0S JRCIGUIY JO Joa)id

Nnh &»:Nwh

{ SHiNOW) R

44 at ¢ 9 f Z .
LI B S e e e e e st s e e e B
5D
FAN
0 L ‘
D D DG ER W A e RR G HO W e U <A W W e K TR e T TR NE e DR Q._n_.

1%

(¥ %
e

Ce
N

dvi1s dDV4dns

KI/NY cwp 0 IVNIDIE0 SSIULS 'XWW LY NIVUIS A
I1sd cgr  1MNIDIYO $SS3ULS WAWIXYH O

(ITETI T S WO STAENTE W T W

(Ya)
o™~

uo Ll JVNLVYIAWIL L8354
ve@ "IN) WYOLuepean dg 'quv SKOILICRGD 2YelLs
P2 M YZ8E(N X1k

(po1ipoiy; SEt0Lri-dl JdAd INYTi2408d

VA TONTOIR:

3

TN e —————

A

115




B I = TRV aTn SOy
. e e . S - . D e e - R . irp—

(UN) w0 g ueipess) winy ur pasojg weyadosy
BEOLH™A L PI1sIPON JO 631319d0ay [e218AYd oY) UO YUOW | 10j eZei0)y do0€1 30 199)53 ‘pg esndig

(seyour) {144

9 S " £ 2 T 0
g__ﬂ__qﬂqﬂ-__-___—-__—-__oo
—15%0 8§
- a
A VAN , . - MA
(- > hl Lo ml A“
. , C AE]
lllllll.ﬂllllllllllltlllln.(llllllllll.o.ﬂ &
J
-
. 2
- -~
- ST
-
..I,O.N
i

Yivow [ vwir ] a3v10;4

3\5m3.ou.-53.6:utumgndzpu:dbm .
I8d gyl IR 1833218 WnmyxvW Mw
da 7 smivaadwal 18e,
(IN) wmIod ueipedn) g Di CUOIIFPUCD 23BICIG
- dequry Ly
(PoIpON) BEOLH-dL AL jusTTadoL!




m (TN) W20 J Jusipels) jing ul paiojg jueltadorg
. 8¢0LH-d 1 P31JIPON jo s3132adoad 1P21844d ayj uo syjuop 2 10) 33®1038 J50¢ | JO 39933 ‘¥S @andig

(824du1) H1dIQ

9 S L € e T 0
" Cc*°Q
_-ﬂ.ﬂ-~—-~—-——_ﬁ--_--L
—s0o g
- o
°1 £l
3 R
"""'k\"-'|w-""b""ltm"-'-b-lbl Ov.ﬁ m
- ST
L,
-1 02
J
- sz

SYJUOW 7z W] adei0jg

UT/ar SPPTOTOUTITID  fmsaais wwrxW 38 uTeasg 4
¥ S8l

uTdID 1983115 wnWpeK O

2 AL amiezadoal, 15w,
("N) miod judtpeang g1 SUOCT3IJPUOD =38I03§
PZ-M I9QLIW XTIi¢

| (PAUIPON) 8EOLH-dL  adAL juerTedox




(ZN) wrod juatpesD yiug ut paxojs juejiadoad

850LH-d L PaUIPOIN jo saljaadoad 1ed15AYd ayj 40 SYIUON ¢ 10j 38BI0IG J,0€1 JO 129J3F  "6§ 9andly
(saydoul) HI4AQA

9 S h € 2 T o]
rv v 11 r7r7 1 r 7 7F1 [ rrrrrrrrrntr

-

pu

) - p—

-

F &Y A -
ﬁ.i.. ﬁ.J h/ b - - e e T e o

AR A ]

J

-

——

=

e

J

J

a—

SYjuojN ¢ 2unj adeaojs

gr/ur 977 U TeuTSTI0  {SS3I3§ WNMXTW 38 UTRJIS A,
1ed cg;  TOUIBTD 1958118 WWIXEN ()

) 4., 0L amasvtadwal, 1S,

(¢N) wxod 3181pBID 4. 0 | SUOTS TP I0) =3B.018
F2-M 23qunN XTH

(2IPON) geQLH-dL  9dAL 1ueTTado.id]

0°0

o't

L |

0°e

62

INTVA TTVNIOIHO

JNIA

118




(¢N) wizog juatpesn qing ul psaojg juejjadoad

L rn. e

8COLH-dL Pa1JIpo Jo satjaadord Jed1sAyd 3y) uo SYjuoN G 'y 10j 38®103S J,0¢1 JO 3995 96 3andt g
(ssyvul) H1Id3Q
9 4 1 3 b T 0
FyrrrJrrrrreorrryrrryrrryrorr
C
A 0O A
D
e , O __

SY;UON G " awil] 33®I0IS

UF/ul  SPY OIBUTATI0  fSS3J3S WNMIXBH 38 UTBIIS A

18d  ¢g1 TeUBTO 959435 UNTITXBH ()
—_—— g, L smieradusl, 1Sy,
(¢N) wrod jualpeIn g Ofl SUOT1FPUO) =38103S

v M
(PUTPON) 8€0LH-dL

I3QLIY XTH
odAL quetradoxd

————— Tt cae cw e . aememe

Lo s b va oty vy e by gl egaag

c°o

6o

o't

&1

0'¢c

¢'e

ANTVA 'TVNIDIHO

d0TVA




P e e e

(¢N) waog quarpess ying ui paols jueqadory

8¢0LH-d1 PalJipop jo sajaadoayg 1ed21sydq ayj uo SYJUON 9 10] ad®I03IS 4
(soyou1) H1IdAQ

o0l JO 329553 LG aanzig

SYJUOW g aw ] aBeiojg

TF/IT PP Q TSUPBIL  fssenis wwirxeN 1@ uTeXS A
194 81 TeurRT® 889035 wnmixeW ()
Ay smieIaduwal, 3Sey
(¢N) mrog usipeln g Q¢ [ SUOI3IPUOC) =3BI035
v2-M J9qunN XTA

(Pa11PON} 8€OLH-dL odAL juetradory

C°0

N0

0’1

0 |

¢

5'e

VA TYNIOIHO

dNTVA

120




-

v aer e e e s

(YN) waog Juatpeany HIng Ut paioig jueijodoay
BLOLH AL P2JIPON jo s21332d0ad 1e21SAUd QRIS 92BJiNg 3Y) U0 5BE107S d,0¢1 Jo 399133

SHINOW) 31]
14 0T 8 9 b

gVIS 3DVIdns

NI/NITSPPTOIYNIOINO :SSIULS *XVW LV NIVYLS
I1Sd ¢g1 IVNI9I YO +SSIULS WAWIXYW O

Ay JdNLVY3IdWIL 1531
(N) W4OdTTSTFEID 4, 05T SNOILIANOD 3IOVHOLS
ey ¥3ITWAN X IW

(P33 IPON) 8E0LH-dL 3dAl INV1I13d0Yd

‘85 240314

ANTVA TWNI9140

121




("sag .N*/: waod jusiprea ing utl paaojg juerjadoad
8¢0LH-dL P3UIPOW jo sa13a3doad 1ed1sdyd ay) U0 SYJUO ¢ 10j 28BI0IS Jo0E1 JO 199JJd  '6S 240814

(sayoul) H1dAA
9 S | € 2 T 0

.

D.l
& B & S 4 o -

- D D D D D Gy P D G GED GES WE R W) GER S G G D D AP GE D WP G ED M S S G GP on e e o eed o..ﬁ

1
INTVA TYNIDINO
INTIVA

i
122

-~ 51

- oz

e

SYjuoiN ¢ awl] 93®I1035

UI/UT SPYORUTITI0 8993435 WnUTXBH 38 UTBIIS A

78d gg1 Teud 10 982735 WnmTXEH (O

d, LL smijvxadual, 38w

("seqg/IN) ™a0d jus1p®ing, 0¢1 SUOT1FPUO) =38I03S
¥i-m JaqLNN XTiA

(P21J1PON] 8E0LH-dL adAl, ruwetTaedo.ny




(*sag ‘°N) WXo juatpean qIng ul paaojs jueljsdoayg

8E0LH AL PR1IPON Jo s31313doad [eo1844d ay) uo syjuopw ¢ 3 10) 93®103S JI50€1 JO 39935 ‘09 24031 g
(saysul) HId3Q
9 S i € 2 T
| S | | I 1 7 T 1 |
7 | | | J -
J
D -
—
—
-

SYJUOWN G 'y suwil] 8de103S
5\5 Skb°Q TSUTATID (sBaxss WNITXBH 38 UTBI3S A

d S81 UL rssaang unarxew )

R samyeaimal, 35ey

("83g/¢N) wlod IUBIPEID g e[ SUOI1TPUOD =3FeI018
¥Z-m 13qQLIW XTH

(Pa1J1PON) 8EO0LH-JL 2dAL juerradoad

0’0

s'o

01

&1

0'c

§'e

dnIVA TVNIDIHO

dNvA

123




(*seg '¢N) waog jusipeds y[ng ul paiojs juejiadoad
8L0LH-d 1 P3IPOWN Jo saijaadord 1ed184yd 2Y3 uo SYjuoN 9 30J 38I0IS A CE1 o 93] '[9 san¥ig

(ssysu1n) H1dJAa

9 S f £ 2 T 0
rrrT 7 rrrrrrrro 7y T 1100
J
-
R
. ] <
¢ © &
O C A o o d 5 (8
- T E T T e e, e r e m e, — e e e == A~ A 0T §
TAN AN
& ]
- 3
-4 ¢t -
.
=
-4 02
-1
-l 52

SYJjUOW g Wl ] aBeao;s
Ui/uy 5PV U TeurdTX) (859435 WWIXBX 38 UTBIIS A

18d S81  TeurdiD £883J15 unWIXeW

Ay’ smysXadual, 38wy,

{'8aQ 'IN) wrogjustpeiD 4, 0%l SUOT3Tpuo) =3eI0ls
¥2-M JoqLaW XTH

(PIJIPOW) 8COLH-dL AL juetredoxd




e e T T ——

(*8aQ ‘TN Waog JUIIEEID [ Ngf ul poaolg jueodoad geoLH-dl )
pa151poN Jo so13d9doad [E01SAYd YEIS 99€;4NS Ay} U0 9BBIDIS J,0€1 JO 22T "¢y 24n8td

(SHANOW) 1L

4 1] 8 9 B 4 0 .
3-#-1-!%-144-ﬁ-’4 0'0
S0
A (=]
O o} =
SEocoeocecsomaomaoammn®onoiwe o e > oo oomewee aw Q..—. w
s
-
s
02

dvis dDVAUNs

NI/NI cpp-0)WNIOIBO (SSIULS "XWW LV NIVHIS A

18ds81 IVN191Y0 :SS3ULS WNWIXWW O A

4, JYNLVYIdW3L L1S3L
0

820 /CNIWYOS FusIpeaD dg 0t1  SNOILIONOD 39Y4OLS

PZ-M YATWNN XIW
(pa1J PO 8E 0LH-d 1 3dAl INVITIdOdd




e e oy i rm .- TR ——— —————————

(EN) waog URIPBID AIN§] Ul Loi03S (2€F-N XTN)
jue(ladord gEOLH-d.L jo saijaadoag 1801844 aYj UO SYIUOW 9 10] 281035 dg0E1 30 193)15 ‘€9 Lsand1 g

(sayoun) HLdAQ

9 S K 3 e T 0
L D D D b LU T B M B D BN e e m TN
-
Ol
J
s © ° ~ 50 g
- ]
<|&
e . E |5
“TAT T AT T ot
.D D b.l
- e
- =
- ST
J
— o2
-J G2

syjuo 9 sunj ssei03g
93 /a3 0 PP (853035 wm .
ﬂwm\rwhlol.._.d TXEN 18 UTBI1S A '

U3 a0 988118 WNUWIXeNW O

- Ay &L smyezadus], 15wy
(“N) mrog quu_umu_urmb 0€T " suojyfpuc) =3ea03g
ce PN JaqQunN XIW

8¢t0LH-dX 9dAL yueTTedoag




BT

[T

(*sa@ *¢N) wio0g juatperd Ing Ut paio3s (2g-T XTN)
jueliadoad gEOLH-dL Jo satjaadoad 1ed18Ayd ayj Uo SYJUOW 9 10J 38e103S Jg0€1 JO 323J3F ‘9 2ans1 g

(sayout) HILJAQA
9 [4 % £ 2 T

Q

r—r T 1 1 rrJ1 +vrtrjrrrryrr 1 1571 1190
W B
| =
w Jeo g
| ] g1
| B P
: O O -t
& A O mm
- e ws e - . - |ll|"'|ll‘lll-lll".llll||b|ll|"-'. 0°'T m
O _
-
—~ S°T
-
J
— oz
- 52

EUJUON g aual ] 33eI05§

9F/ut : UTFTI0  £SS3I3S WNUTXeW 3B UTBIIS A
¥ S71 TSUEIQ {SS3135 IUYXBH ()

de L2 alnjeladiial, 1Sa,
(*saQ/I¢N) micd TOSTPEID g UtT ~ suoTiTpun) :38103S
2¢-T T3 AIH

grO0lRh-dl odAg, jusTTedoad




{ suQg .NZ_ Wwioq jualpesn jing w P3101G (2¢¥-N XTIN)
juejladoay 8¢0LH-dl jo sa1jradoay ledisAyd 944 U0 SYJUOW ¢ J0] 3BBIO)G do0€1 JO 323133 gy CRR-A L |

(saydun) H1ddg

9 s i 3 4 1 )
—-._—q___ﬂ_-___q_____q_.Lo.o
-
-
-1
—so0 g
- a
o O .
o 1
<|B
w...oé mm
ST T Tt z JAN AN -
— $°'T
— o2
-
-
- 52

SYJUOW g swit] sderoyqg

————————

5\5-%Eﬂmv6 “833J35 WWXGW 18 UTBIIS A . .
4 Y07 U810 {98918 wWnWTXeH 0
Jd. T sanisXadmal, 3sa

(UEI162Q N mioy TUSPETR ; ~grr— SUOTITPUCD =3Bda3S

VN QLN XTW
BEOIA-IL odAL juwetredoag

128




